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摘 要 
随着我国经济稳步增长、经济发展步入新常态的趋势，建筑业仍是国民经济
蓬勃发展的重要支柱和富民产业，混凝土、砂浆等建筑材料需求量的与日俱增给
砂、石的供应带来了严峻的挑战，特别是天然河砂的产量难以满足建材市场的需
求。随着对河砂的不断开采，河砂资源日趋枯竭，同时河砂的品质也大不如前，
这就造成了建筑用河砂供求矛盾日益凸显。因此研究新的砂源和合格的细骨料已
成为建筑材料发展的新趋势。与此同时，日益增加的城市生活垃圾处理不善，又
会对城市周边生态环境造成严重危害。垃圾焚烧处理是垃圾资源化利用的重要途
径，但焚烧剩下的 10% ~ 20%体积的炉渣仍需有效处理。因此，将经过特殊预处
理的垃圾焚烧炉渣与天然河砂复配制成炉渣混合砂，作为细骨料应用于砌筑砂浆
中，不仅可以解决生活垃圾及其焚烧后的炉渣处理问题，变废为宝，减轻环境压
力；而且可以缓解天然河砂资源短缺的现状，可谓一举两得。 
本文以两种来源的生活垃圾焚烧炉渣（龙海、厦门）、三种不同复配比例（5:5、
6:4、7:3）的炉渣混合砂，分别拌制 M5 ~ M30 七个强度等级的砌筑砂浆，以工作
性能和力学性能为考察指标，从技术、经济和环保层面研究了炉渣混合砂制备砌
筑砂浆的可行性。主要得到以下成果： 
（1）由于焚烧工艺的差别，来源不同的生活垃圾焚烧炉渣理化性质的差异
导致制备的炉渣混合砂性质的不同，从而对于制备砌筑砂浆的结果产生了一定的
影响，使得两种炉渣混合砂砌筑砂浆工作性、力学性能、体积稳定性等均有一定
的差异。两种混合砂颗粒级配虽然均处于Ⅱ区，但无论是表观密度、堆积密度还
是细度模数，龙海炉渣混合砂均小于厦门混合砂，此外，轻物质、含泥量、泥块
含量、SO
3
、Cl
-
等有害成分，龙海炉渣混合砂的检测结果更高。 
（2）来源不同、复配比例不同的混合砂适合配制的砌筑砂浆等级范围亦有
所不同。来自于龙海的炉渣混合砂，当复配比例 5:5 时能够配制工作性和力学性
能均合格的 M5、M7.5、M10、M15四个强度等级的砌筑砂浆；复配比例 6:4 时则
只能配制 M5、M7.5 级砌筑砂浆。而来自于厦门的炉渣混合砂，当复配比例 5:5
时能够配制出工作性、强度均合格的 M5 ~ M30共计七个强度等级的砌筑砂浆；复
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配比例 6:4 时能够配制出 M5 ~ M20共计五个强度等级的砌筑砂浆；复配比例 7:3
时则只能配制出 M5、M7.5 砌筑砂浆。由此说明，炉渣混合砂的复配比例以及炉
渣的来源均对砌筑砂浆的性能产生了较大的影响。相比而言，厦门混合砂适用于
配制 M5 ~ M30所有等级的砌筑砂浆，龙海混合砂则适合于配制 M20 以下等级的砌
筑砂浆。 
（3）与河砂相比，两种炉渣混合砂的性能不如前者，具体表现在细度模数、
表观密度、堆积密度偏低，空隙率高于河砂，所以导致二者所配制的砌筑砂浆各
项性能的差异。相比于河砂制备的砂浆而言，混合砂制备的砂浆的表观密度偏小，
吸水率更高，然而工作性和体积稳定性却普遍优于河砂砂浆；并且，炉渣取代率
越高，混合砂砂浆的保水率、粘聚性越好，但是对强度会产生负面影响。 
（4）采用电子探针、X 射线衍射仪分析了两种炉渣的化学组成和矿物组成；
借鉴图像处理技术，从棱角性、形态学两个角度分析了炉渣的粒形特征；通过吸
水率大小及内部图像分析方法分析了所配砌筑砂浆的内部孔结构。从物理和化学
层面，研究、分析了炉渣混合砂在砌筑砂浆中的作用机理。 
（5）从技术角度分析，两种炉渣混合砂均成功配制出了一定强度等级的砌
筑砂浆，可以替换天然河砂用于砌筑砂浆中；从砂浆原材料制备成本分析，将炉
渣应用于砌筑砂浆中可充分体现混合砂价格的低廉性；从环保角度分析，炉渣混
合砂替换天然河砂作为细骨料不仅不会危害环境，反而有利于废弃物的资源化利
用，利废环保、节约资源。因此认为，炉渣混合砂作为河砂的替代材料配制砌筑
砂浆具有可行性。 
 
关键词：生活垃圾焚烧炉渣；炉渣混合砂；砌筑砂浆；配合比设计；机理研究 
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Abstract 
With the trend of Chinese economy growing steadily and economic development 
entering a new normal state, the construction industry is still an important pillar of the 
vigorous development of the national economy and enriching the industry. The 
increasing demands for concrete, mortar and other building materials have brought 
serious challenges to the supply of sand and stone, especially the production of natural 
river sand being difficult to meet the needs of building materials market. With the 
continuous exploitation of the river sand, river sand resources are increasingly 
exhausted, while the quality of river sand is also worse than before, which results in 
the supplies and demands contradiction for building sand increasingly prominent. 
Therefore, the study of new sand source and qualified fine aggregate has become a 
new trend in the development of building materials. At the same time, the increasing 
amount of municipal solid waste is poor, which will cause serious harm to the 
surrounding ecological environment.Waste incineration is an important way for 
garbage utilization, but the remaining 10% to 20% of the slag still needs to be 
effectively treated. So the special pretreated waste incineration slag and natural river 
sand is mixed into slag mixed sand as fine aggregate used in masonry mortar, which 
not only can solve the problem of garbage and its slag treatment after incineration, 
turning waste into treasure, reducing environmental pressure, but can also alleviate 
the shortage status of natural river sand resources, and be described as two birds with 
one fell swoop. 
In this paper, two kinds of incineration slag (Longhai, Xiamen), three different 
mixing ratios (5: 5, 6: 4, 7: 3) of the slag mixed sand were prepared to make masonry 
mortar with seven strength grades from M5 to M30 with the workability and strength 
as examination index. Moreover, this paper studies the feasibility of preparing 
masonry mortar by using slag mixed sand from technical, economic and 
environmental aspects.The main results and conclusions are as follows: 
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(1) Due to the differences in the incineration process, the differences in the 
physical and chemical properties of the waste slag from different sources lead to the 
different properties of the prepared slag mixed sand, which have certain effects on the 
results of the preparation of masonry mortar. So that the two kinds of slag mixed sand 
masonry mortar's workability, mechanical properties, volume stability, etc. are 
different. Although the two kinds of mixed sand grain gradation are in the Ⅱ area, 
but both the apparent density, bulk density and fineness modulus, Longhai slag mixed 
sand is smaller than Xiamen mixed sand. In addition, light material, mud content, SO3, 
Cl- and other harmful ingredients, Longhai slag mixed sand has higher detection 
results. 
(2) The grade ranges of masonry mortar by using different sources and 
proportions of mixed sand to prepare are different. The slag mixed sand from Longhai 
could be prepared M5, M7.5, M10, M15 four strength grades masonry mortar with the 
workability and mechanical properties qualified when the ratio is 5: 5; the ratio of 6: 4 
can only be prepared M5, M7.5 masonry mortar. And the slag mixed sand in Xiamen 
could be prepared a total of seven strength grades masonry mortar from M5 to M30 
with the qualified workability and strength when the ratio is 5: 5. The ratio of 6: 4 can 
be prepared to a total of five-strength grades masonry mortar from M5 to M20. The 
ratio of 7: 3 can only be prepared to the M5, M7.5 masonry mortar. The results show 
that the mixing proportion of slag mixed sand and the source of slag have a great 
impact on the performance of masonry mortar. In comparison, Xiamen mixed sand is 
suitable for the preparation of all grades of masonry mortar from M5 to M30, Longhai 
mixed sand could be prepared to make masonry mortar below M20 grade. 
(3) Compared with the river sand, the performance of the two kinds of slag 
mixed sand is not as good as the former, like the fineness modulus, the apparent 
density, the bulk density being lower and the porosity being higher than that of the 
river sand. Therefore, the kinds of masonry mortar are different in performance. 
Compared with the mortar prepared by river sand, the apparent density of the mortar 
prepared by the mixed sand is smaller and the water absorption is higher, but the 
workability and volumetric stability are generally better than the river sand mortar. In 
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addition, the higher the slag substitution rate, the better the water retention rate and 
the cohesion of the mixed sand mortar, but the intensity will have negative influence. 
(4) The chemical composition and mineral composition of the two kinds of slag 
were analyzed by electron probe and X-ray diffractometer. By using image processing 
techniques, the grain - forming characteristics of slag mixed sand were analyzed from 
two perspectives: angularity and morphology. The internal pore structure of masonry 
mortar was analyzed used the method of water absorption and internal image analysis. 
From the physical and chemical level, the mechanism of the slag mixed sand in 
masonry mortar is studied and analyzed. 
(5) From the aspect of technique, the two kinds of slag mixed sand are 
successfully prepared certain strength grade masonry mortar, can replace the natural 
river sand for masonry mortar. From the mortar raw material preparation cost analysis, 
the application of slag in masonry mortar can fully reflect the low price of mixed sand. 
From the perspective of environmental protection, slag mixed sand instead of natural 
river sand as fine aggregate not only won't harm the environment, but also be 
conducive to the use of waste resources, environmental protection and saving 
resources. Therefore, it is considered that slag mixed sand is feasible as the alternative 
material of river sand to make masonry mortar. 
 
Keywords: Municipal Solid Waste Incineration (MSWI) Bottom Ash; Slag mixed 
sand; Masonry mortar; Mix design; Mechanism research  
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